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INTRODUCTION 
The first experiments to determine digestibility of feeds were 
conducted at the Weende Experiment Station in Goettingen, Germany, by 
Henneberg and Stohman in 1864 (Schneider et al., 1955). These trials 
involved the total collection method. Since that time researchers have 
sought methods which would reduce the time, facilities and confining 
animal environment characteristic of the total collection technique. 
Indicator methods have provided one approach for determining diges-
tibility without requiring the quantitative measurement of feed intake 
or fecal output. The index materials evaluated for this purpose have 
been both compounds that occur naturally in feedstuffs and those that 
may be added to the diet. 
To qualify as an index material a substance must be indigestible, 
unabsorbable and non-toxic. It should pass through the digestive tract 
in a uniform mixture with the other ingesta and should not influence 
the digestibility of the other ingesta. In addition such materials 
should have no pharmacological action on the digestive tract. Fina],ly, 
the reference substance should be easily and accurately determined by 
chemical procedures in both feed and fecal samples. 
This study was conducted to evaluate the feasibility of using 
alathon, a polyethylene material in fluff form, as a reference or index 
material for digestion studies with cattle. 
LITERATURE REVIEW 
Reference Materials 
Silica 
According to Schneider et al. (1955) Wildt, a German worker, used 
silica as a reference material in digestion studies as early as 1874. 
Knott et al. (1936) found that silica was unreliable as an index ma-
terial due to natural feed and fecal contamination. Gallup et al.(1945) 
reported silica recoveries of 136.3 percent on pasture. It was con-
cluded that the animals consumed silica from soil. When the animals 
were maintained on concrete floors silica recoveries of 103 percent 
were reported. 
Gallup and Kuhlman ( 1936) observed that 15 percent of the ingested 
silica was metabolized. It was apparent that silica distribution was 
not homogeneous in the mung-bean silage fed, this increased the vari-
ability of results. Druce and Willcox (1949) also reported that the 
amount of silica recovered in the feces was highly variable. From these 
reports it is generally concluded that silica does not meet the impor-
tant cr iteria needed for reference materials in digestion studies . 
Ferric Oxide 
Bergeim (1926) used ferric oxide as a reference material in a 
study with albino rats and reported satisfactory results. Based on the 
assumption that recovery of added iron was not always complete, Heller 
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et al. (1928) suggested the naturally occurring iron in feeds as a 
reference material. These workers reported that iron is not eliminated 
at a sufficiently uniform rate to serve as a reference material. 
Knott et al. (1936) found considerable diurnal variation in iron 
excretion in studies with ruminants. Hamilton et al. (1927-28) reported 
that ferric oxide recovery was of doubtful value for replacing conven-
tional methods of determining digestibility with cattle or sheep. 
Moore and Winter (1934) in a rate of passage study utilizing the 
ferric oxide technique reported recovery values of only 82.4 to 88.7 
percent of the amount of ferric oxide ingested. 
Fecal Nitrogen 
Gallup and Briggs (1948) evaluated the use of fecal nitrogen as a 
reference material. The results indicated that there was a close rela-
tionship between protein content and nutrient digestibility of hays. 
Soni et al. (1954) found a high degree of similarity in digestion coef-
ficients between the fecal nitrogen and chromogen techniques. Forbes 
(1949) found no significant relation between fecal nitrogen and for-
age protein content and suggested that the use of lignin as a reference 
substance was a better approach. 
Lignin 
Lignin is a naturally occurring plant substance of unknown chemical 
s tructure. According to Fruton and Simmonds (1961) p-hydroxyphenyl-
propanes derived from coniferyl alcohol or some closely related com-
pound are fundamental repeating units of lignin. Mertz (1959) states 
that recent studies suggest that the aromatic amino acids, especially 
phenylalanine, serve as precursors of lignin in the plant. As the 
4 
demands f or phenylalanine by the plant decrease, this amino acid is 
converted to compounds that serve as monomer units in lignin formation. 
Ellis et al. (1946), Swift et al. (1947) and Kane et.§:!• (1950) 
report no digestion of lignin when fed to ruminants. Digestion coef-
ficients obtained by the lignin technique were in close agreement with 
those derived from the total collection method. 
Johnson et al. (1964) reported that about ten percent of the lig-
nin ingested by ruminants was digested, however, when the values were 
adjust ed for this level of digestion the results were comparable to find-
ings obtained by the total collection procedure. In conclusion, it was 
stated that lignin content, if properly analyzed or adjusted, should 
serve as an accurate index material. Crampton and Maynard (1938) re-
ported ranges in fecal lignin recovery of 93.4 to 103.7 percent. 
Ha.le et al. (1947) reported rather high digestion coefficients for 
lignin. In one case 32.7 percent of the fecal lignin was digested. It 
was concluded that this digestion was taking place in the intestine 
since no ruminal lignin digestion occurred. Ely~ al. (1951) in stu-
dies with lactating dairy cows f ound lignin to be as high as 14 percent 
digestible. Elam et al. (1962) reported average lignin recoveries of 
--
only 90.2 percent. 
Kane et al. ( 1951) and Pigden and Stone (1952) reported species 
--
differences in lignin recoveries. Lignin in alfalfa was f ound to be 
reliable as an indicator of digestibility while that of or chard grass 
was not found to be as reliable. 
Pazur and De Long (1948) reported that lignin units present in 
the earlier stages of growth of the clover plant were more readil y me-
tabolized by ruminants than those present in mere mature clover. Ely 
5 
et al. (1953) stated that the stage of maturity of t he plant involved 
can influence the amount of lignin recovered. 
Druce and Willcox (1949) reported that results obtained by the two 
methods of lignin analysis are not comparable. Forbes et al. (1946) 
stated that there is a need for a method of lignin analysis which will 
give consistent results. 
From the variable results reported and the problems involved in 
accurate lignin determination, this naturally present reference material 
is of doubtful value. 
Indigestible Protein 
Forbes (1950) conducted studies utilizing indigestible protein as 
a reference material. It was assumed that forage protein level had an 
influence on the amount of fecal protein per unit of dry mat ter intake. 
Results utilizing this technique are very inconsistent; therefore, it 
is of doubtful value as a pasture forage indicator. 
Metho.xyl Radical 
Richards and Reid (1952) proposed the metho.xyl radical as a refer-
ence material. This report indicated that the metho.xyl content of lig-
nin and t he percentage of total metho.xyl increases with plant maturity. 
A considerable portion of the metho.xyl consumed disappear ed from the 
plant material as it passed through the digestive t r act. Kane et al. 
--
( 1951) found that approximately 50 percent of the methoxyl content of 
an orchard grass ration was digested. 
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Titanic Oxide 
IJ.oyd et al. (1955) compared titanic oxide and chromic oxide as 
index materials in a rat diet. After a six day preliminary feeding 
period the length of time necessary for the maximum constant fecal ex-
cretion of titanic oxide could not be determined. The reported recov-
ery values of titanic oxide from feces were lower (92 percent) than 
those of chromic oxide (99.8 percent). As a result, it was concluded 
that titanic oxide was inadequate as an index material. 
Dyes 
Corbin and Forbes (1951) reported using anthraquinone violet as 
a reference material with lambs. The rate of fecal recovery ran from 
96.4 to 106.0 percent with an average of 100.5 ± 2.8 percent. Shellen-
berger and Kesler (1961) in studies with cattle used a crystal violet 
strain as a marker. The level of dry matter intake was significantly 
correlated with the rate of passage of ingesta. 
Polyethylene Glycol 
According to Downes and McDonald (1964) polyethylene glycol was 
used as a soluble rumen marker in 1953 by Sperber, Hyden and Ekman. 
Corbett et al. (1956) reported that polyethylene glycol may be a satis-
factory marker if it is fed to give no less than 250 mg. per 100 g. of 
feces. Corbett et al. (1958), working with dairy cows, reported more 
variability in the excretion of polyethylene glycol than for chromic 
oxide. Huston and Ellis (1965) stated that results obtained utilizing 
polyethylene glycol did not differ significantly from those obtained 
utilizing chromic oxide with sheep. They reported a coefficient of 
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variation of 26 percent for polyethylene glycol recovery and one of 
15.3 percent for chromic oxide recovery. Hyden (1956) and Sutton et al. 
(1962) stated that when polyethylene glycol was used as a rumen marker 
in studies of short duration that it was a valuable, accurate refer-
ence material. Downes and McDonald (1964) concluded that the most ser-
ious limitation to the use of polyethylene glycol as a reference mater-
ial for determining digestibility is the lack of an accurate method of 
analysis. Christie and Lassiter (1958) also reported polyethylene gly-
col to be an unsatisfactory indicator of digestibility. The principal 
use of polyethylene glycol has been as a measure of rumen volume by 
dilution technique. 
Cerium144 
Cerium144 is a naturally occurring member of the lanthanide or 
inner transition series of elements according to Wood and Keenan (1957). 
Huston and Ellis (1965) compared cerium144, chromic oxide and polyethy-
lene glycol as index materials. Similar excretion patterns were reported 
for the three substances. A coefficient of variation of 6.4 percent was 
reported for cerium144 between four hour collections over an 80 hour 
collect ion period after an eight day preliminary period. The results 
indicated that cerium144 is more reliable than chromic oxide or poly= 
ethylene glycol for estimating diges tibility and rate of passage of a 
ration due to its binding properties which result in a lower diurnal 
variation. It was concluded that the properties of elements of the 
r are earth group indicate that they will adsorb onto and remain bound 
t o dry matter. 
Chromium - .51 Complex 
Downes and McDonald ( 1964) reported the use of the chromium - 51 
complex of ethylenediamine tetra.acetic acid as a reference material. 
A slight absorption and subsequent excretion of the chromium - 51 
complex was encountered in the urine of experimental animals. The 
results obtained by this method were similar to those obtained by the 
polyethylene glycol technique. On the basis of this report it would 
appear that the chromium - 51 complex of ethylenediamine tetraacetic 
acid can be used as a satisfactory soluble rumen marker. 
Miscellaneous Materials 
Kane et al. (1953) in a review of the literature stated that 
radioactive isotopes as well as barium sulphate have been used as i n-
dex materials. Welch (1965) using the nylon bag technique repor ted a 
dry matter digestion coefficient of 38 percent for sisal fibers and 
no diges t i bility of wood shavings. 
Chromogen 
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Chromogens are a group of naturally occurring plant pigments whose 
exact composition is unknown. Reid et al. (19.50) reported work which 
indicated that chromogens could be used as an index material. Using 
85 percent acetone extracts of feces from animals fed various f orages 
a.n average rate of recovery of 100.5 percent of the chromogenic sub-
stances was reported. 
Rei d -et al. (1952) established mathematical relat ionships between 
--
the chromogen-dry matter ratio of feces voided and that of the forage 
actually consumed. These relationships were judged to be sufficiently 
9 
accurate to eliminate the need for manual sampling of forage. It was 
presumed that the chromogen concentration of the forage could be pre-
dicated from a knowledge of the fecal chromogen concentration. 
Kane et al. (1951, 1953) stated that the determination of diges-
tibility values using plant pigments were similar to values obtained 
by the total collection procedure. Ehg (1962) reported higher diges-
tion coefficients from the chromogen technique than from the total col-
lection method. Very little diurnal variation was noted in the fecal 
chromogen concentration. 
Soni et al. (1954) and Hardison et al. (1957) reported a definite 
diurnal variation in fecal chromogen concentration. The apparent di-
gestibility of different portions of the plant were different as cal-
culated by the chromogen technique. It was reported that the top por= 
t i ons of the alfalfa plant were more uniformly excreted than were the 
lower portions. 
Squibb et al. (1958), working with tropical grasses, report ed that 
--
the chromogen technique was suitable for Kikuyu grass but in trials 
with Rrurde grass in.complete chromogen recovery led to erroneous r esults . 
It was concluded that such results would preclude the use of the chro-
mogen method f or determination of digestion coefficient s for all species 
of forages. 
Cook and Harris (1950) reported that animals fed plants high in 
ether extract have an extremely high concentration of chromogens in t he 
urine. It is believed that this phenomenon coul d influence digestion 
coefficients determined by the chromoge:n method. 
Hamilton et al. (1955) in a comparison of the chromogen ratio 
technique and the conventional method of determining diges t ibility 
observed erratic results from chromogens. It was concluded t hat t he 
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chromogen ratio technique was not suitable as a measure of digestibility. 
Thus it would appear that further work must be done before the chromo-
gen technique can be recommended as an accurate method. 
Chromic Oxide 
Chromic oxide is the most widely used index material. Edin (1918) 
was the first to use this compound as an index material. Since this 
early work this material has been used as a reference material in stu-
dies with many species of animals. 
Dansky and Hill (1952) in a study with chickens, reported that 
chromic oxide gave more accurate results than did the total collection 
method. In studies -with rabbits, Huang~ al. (1954) reported satis-
factory digestibility values using chromic oxide. Irwin and Crampton 
(1951) working with human subjects reported that chromic oxide was 
voided in a uniform mixture with the feces and that reliable coef-
ficients of digestibility could be determined in this way. 
In studies with rats, Schurch et al. (1950) and Lloyd et al .. (19.55) 
reported that there was no signifi.cant difference in :results between 
the chromic oxide technique and the total collection method. Lloyd 
and McCay (1954) stated that chromic oxide has also been used success-
fully with horses, foxes and mink. These workers reported identical 
digestion coefficient means in comparing chromic oxide and the total 
collection technique in studies with dogs. 
There is general agreement among workers that chromic oxide will 
give reliable results when used in digestion studies with monogastric 
subjects. Clawson et al. (195.5) reported digestion coefficients de-
- -
rived from chromic oxide that were in close agreement with those ob-
tained by the total collection technique for swine. Horvatn ~ !:!• 
(1958), in studies with swine, reported that there was a difference in 
the concentration of fecal chromic oxide between morning and afternoon 
collections. It was postulated that the variation in fecal concentra-
tion could be due to differences in digestion time in the lower tract 
s:nd/or differences in the rate of passage of various feed .fractions 
through the stoma.ch. 
There has been some disagreement among researchers as to the value 
of chromic oxide as a reference material in studies with ruminants. 
Kane tl al. ( 1950, 19.51, 19.53") reported that digestibility values de-
rived by the chromic oxide technique compare favorably to the total 
collection method. Archibald ( 19 58), working with dairy cows, rec om-
mended the chromic oxide procedure due to both uniformity of results 
and ease of determination. 
Hardison and Reid (1953), Putnam ,tl al. (1958), Lirmereud and 
Donker (1961) and Clanton (1962) reported considerable variation in 
the fecal chromic oxide concentration at any sampling time. Kane et al. 
(19.52) reported th.at fecal chromic oxide concentrations were highest 
at 9:00 a.m. and lowest at 9:00 p.m. Smith and Reid (1955) reported 
a low fecal chromic oxide concentration of 6.5 percent at 2:00 p.m. and 
a high of 141 percent at 12:00 p.m. for the grazing cow. For steers a 
low of 52 percent at 12:00 a.m. and a high of 183 percent at 7:00 p.m. 
was reported. 
Davis et al. (1958) in studies with lactating dairy cows reported 
--
that the peak level of fecal chromic oxide concentration oecurred from 
12:00 a.m. to 6:00 p.m. and the lowest level was from 2:00 a.m. to 8:00 
a.m. Elam~~· (1958) reported extremes in diurnal variation of 74 
percent to 135 percent. Corbett~ al. (1958) stated that fecal chromic 
oxide concentration varied at the rate of± 10 percent over a 24 hour 
12 
period. Huston and Ellis (1965) reported a coefficient of variation 
of 15o3 percent among four hour fecal collections. 
The mode of chromic oxide administration may influence fecal con-
centration with time. Corbett et .!!,o (1956) reported that chromic oxide 
capsules may pass through the esophageal groove into the abomasum in 
sheep, or be regurgitated. 
Brissom and Pigden (1957, 1958) reported using a chromic oxide im-
pregnated plaster of paris pellet as a means of index administration. 
Diurnal variation was extremely low when the pellets were used. Re-
gurgitation and passage of the pellet from the r·tlirl.en was reported for 
sheep but not for cattle. It was postulated that one reason tor the 
low variability in fecal chromic oxide concentration was due to a sus-
tained chromic oxide release since there were several pellets in the 
rumen at all times. 
Pigden et al. (1964) used an extruded sustained-release pellet 
--
(ESRP) and a pressed sustained-release pellet (PSRP). More diurnal 
variation was reported for the pressed sustained-release pellet than 
for the extruded sustained-release pellet. However, a higher proper= 
tion of the extruded sustained-release pellets were regurgitated. 
Eng (1962) reported a much lower diurnal va:riation.(84.03 to 
114.5 percent) for a sustained-release pellet (SRP) than for capsule 
administered chromic oxide (76.88 to 126.12 percent). Only about 50 
percent of the chromic oxide from the sustained-release pellet was 
recovered. Troelsen (1961) reported marked differences in digestion 
coefficients obtained with the sustained-release pellet and those ob-
tained by the total collection procedure. A pellet loss due t.o regur-
gitation B.l~d passage into the abomasum was observed. 
Crampton and Lloyd (1951) reported that mixing chromic oxide with 
the ground concentrate portion of the ration provides a satisfactory 
method of admistering chromic oxide to sheepo When chromic oxide was 
mixed in an u.nground all ... roughage ration it tended to be partially re-
tained in the digestive tract and gave unreliable digestibility esti~ 
mateso 
Bradley et al. ( 19 58) and Elam et al. ( 1960) reported that mirl.ng 
chromic oxide in a pelleted ration greatly reduced variability of re-
sultso They concluded that it can be used as a simple method of deter-
mining digestibility. 
Corbett et al. (1960) used a chromic oxide impregnated paper as a 
reference material. Results indicated that the use of the shredded paper 
gave better results than whole paper or gelatin capsules. 
Troelsen (1963) fed a pellet made from chromic oxide impregnated 
paper and reported :no loss from regurgitation or passage into the aboma-
sum. 
Campbell (1964) and Johnson et al. (1964) reported a smaller range 
--
in fecal chromic oxide recovery when a chromic ,,xi.de ixnpregnated paper 
was used than when chromic oxide was administered in gelatin capsules. 
Hardison and Reid (1953) reported that the mean rat.es of chromic 
oxi.de recovery from fecal grab samples taken at 6: 00 a.m. and 4: 00 p.mo 
were 7i@8 percent and 129.3 percent. When these samples were wet-bulked 
the average chromic o:.d.de recovery was 990 95 percent of the amouxit in-
gestedo Smith and Reid (1955) stated that the :rate of chromic oxide 
excretion was near the 24 hour aYerage at 6:00 a.m. and 4:00 pom .. A 
mean rate of recovery of i00._58 ± .87 percent was reportedq 
Putnam et al. (1958), Hardison et al. (1959) e-11d Eng (1962) rep,:,rted 
that samples taken every 12 hours and combined gave the most ac1:rnrate 
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results. It was observed that the amount of chromic oxide fed influenced 
the results. It was concluded by these workers that the indiscrirrdnant 
use of chromic oxide in nutritional studies could result in considerable 
error. 
Bradley et al. (1958) stated that the best time to sample feces 
was between 6:00 and 10:00 a.m. when chromic oxide was administered in 
gelatin capsules and between 8:00 and 10:00 a.m. when it was fed as a 
component of a completely pelleted ration. 
Pigden et!!• (1964) stated that there was less variation in fecal 
chromic oxide concentration when samples were taken at 7:00 p.mo from 
a.minals given chromic oxide pellets. 
Elam~ al. (1959} stated that the magnitude of variation of fecal 
chromic oxide concentration would preclude indiscriminate sampling with 
regard to time. 
Balch~ al. (1957) stated that chromic oxide administered before 
a single daily meal caused a more even excretion rate thc;l.11 when admin-
istered after the meal. In pasture studies it was reported that better 
results were obtained when chromic oxide was given at the begi:n..~ing of 
the daily grazing period. 
Brissom et al. (1957) reported that animals given chromic oxide 
six times a day had a constant chromic oxide excretion rate. This led 
to the conclusion that samples taken at a:ny time of the day wuuld give 
equally valid results. Davis et alo (1958) and Li:nnereud and Do:nker 
(1961) stated that cows given chromic oxide twice daily exhibited about 
one-half the range in fecal chromic oxide concentration as did cows re-
ceiv-ing chromic oxide only once a dayo 
Smith and Reid (1955) suggest that the time and mode of chromic 
oxide administration should be determined by the nature of the 
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experiment and the convenience of the operator. They concluded that pre-
liminary work to establish excretion patterns with a particular feeding 
regime may be extremely important. 
Kameoka et~· (1956) reported that the time of feed ingestion 
ini."luenced the excretion rate. The movement of chromic oxide through 
the digestive tract was not influenced by the type of ration fed. It 
was concluded that chromic oxide passed thr-ough the digestive tract at 
a rate which may be independent of that characteristic of other feed 
particles. 
Putman (1962) in a survey of 101 laboratories in the United States 
and Canada reported that most laboratories were satisfied with the 
chromic oxide technique. However, several of these workers had reser-
vations concerning its use due to variations among animals, low recover-
ies and variable excretion patterns. 
Inert Plastics 
Recently the use of inert plastics as index materials has been 
proposed. Campling and Freer (1962) used polystyrene in a study of 
I"IJ.minal mean retention time. It was concluded that polystyrene parti-
cles were unlikely to provide an alternative method of estimating the 
mean retention time of food in the alimentary tract of the cow. 
Chandler et al. (1964a, 1964b) working with young dairy calves, 
--
have in both cases reported values quite similar to those obtained by 
the total coJJ.ection technique when polyethylene was used as an index 
material to study digestibility. Further work by this group (Chandler 
et al., 1966) confirmed their previous findings. More variation was 
noted in the total collection method than in the polyethylene technique. 
The lowest fecal concentration observed occurred at 2:00 a.m. and the 
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highest concentration was observed at 2;00 p.m. They concluded that 
the number of animals and sampling times employed are thought to be 
important factors in predicting mean polyethylene fecal concentration. 
Welch (196.5) utilizing the nylon bag technique observed no dry 
matter digestibility of polypropylene which indicates that some materials 
of this type may qualify as totally inert substances. 
EXPERIMENTS 
A series of experiments was· conducted to evaluate the feasibility 
of using alathon,1 a polyethylene material in flu££ form, as a reference 
material for digestion studies with cattle. It has been established 
that polyethylene is not affected by digestive enzymes, intestinal 
I juices or mechani·ca:I: processes within the digestive tracto It is also 
apparent that this material may hold promise as an index material due 
to it bulky nature and low specific gravity (Oo91) which a.re similar 
to the characteristics of ma.ny natural .feedstutt · pa.1•t:leles; S:i:!1cs this 
material possesses these important characteristics it was desirable tci 
develop and evaluate the accuracy with which polyethylene could be 
quantitatively determined in feed and fecal samples by a gravimetric 
technique~ Following this evaluation,tests were designed to evaluate 
the material as a reference compound in diets for cattle by study'"lng 
such factors as excretion patterns, uniformity of concentratio:11 in 
intestinal ingesta and fecal excretao In addition, coef'fician'ts of 
digestibility determined by this method and by the total fecal collec= 
tion procedure were comparedo The procedures used and the results ob= 
tained are discussed belowo 
Ex:periment I 
Procedure 
This experiment was conducted to refine and evaluate a gra.vimet:r~c 
technique for quantitative determination of polyethylene in feed and 
fecal samples .. 
1 Alathon, E .. Io Du Pont de Nemours and Coo, Inc.., Wilmington, Delawarea 
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The analytical procedure developed for evaluation is explained in 
detail below: 
1. A sample of feed or fecal material containing alathon was pre-
pared for analysis by drying at 1030 C. to a constant weight. 
2. The sample was then weighed and transferred into a 400 ml. 
pyrex beaker. 
3. Approximately 70 ml. of concentrated nitric acid was added to 
the beaker for digestion. Since the quantity of nitric acid 
is not critical a sufficient quantity of acid was used to pre-
vent the digestion medium from becoming thick. 
4. The sample was then digested for at least 90 minutes, at approxi-
mately 80° C. The digestion mixture was swirled periodically 
and the sides of the beaker washed with distilled water from 
a fine stream wash bottle as needed to keep polyethylene and 
feed particles from adhering to the sides of the beaker. 
5. When the digestion period was complete the contents were trans-
ferred into a 250 ml. separatory funnel. The acid and po~y-
ethylene were allowed to separate by floatation. 
6. The acid layer was then slowly withdrawn from the bottom of 
the separatory funnel and discarded. 
7. The remaining polyethylene was washed at least twice by adding 
distilled water to the separato:ry funnel, shaking and withdraw-
ing the water in the same manner used for removing the acid. 
8. The cleaned polyethylene was then flooded with acetone from a 
fine stream wash bottle and transferred from the separatory 
funnel into a 250 ml. beaker. Care was taken to insure that 
all of the polyethylene was washed out. 
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9e The mixture of polyethylene and acetone was then filtered into 
dried, weighed Gooch crucibles. An asbestos mat was used in 
the crucibles as a suitable filter. 
10. The polyethylene was then dried at 103° c. and weighed. 
In order to evaluate the accuracy of the above analytical proced-
ure a series of experiments was conducted to determine the recovery of 
known amounts of polyethylene when added to various feed materials and 
to feces collected from steers fed typical finishing rations. 
After known quantities of polyethylene were added to oven-dried 
feed and fecal samples the mixtures were analyzed by the technique des-
,:. 
cribed above. In addition, the recovery of known quantities of poly-
ethylene exclusive of feed and fecal materials was determined by the 
technique. Samples of a complete ration exclusive of polyethylene were 
also subjected to the analysis to determine if significant quantities 
of naturally occurring feed compounds would be reflected as polyethylene 
by the analysis. 
Results and Discussion 
The results of these tests are shown in Table I. The data are 
expressed as mean percentages of polyethylene recovered along with the 
associated standard deviations and standard errors. 
The average percentage recovery of polyethylene from ali' samples 
containing the material was 99.89 percent. When pure polyethylene was 
subjected to the analysis a recovery of 98.94 percent was noted. The 
main reason for this value being 1.06 percent less than unity ms.y be 
due to losses incurred during transfer of the material during the analy-
tical procedure. In the evaluation to determine the quantity of na-
turalJ.y occurring feed constituents that could be reflected as 
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TABLE I 
PERCENTAGE RECOVERY OF KNO'WN AMOUNTS OF POLYETHYLENE 
Number Mean Standard 
of Deter- Recovery Standard Error of 
Material minations Percentage Deviation the Mean 
Polyethylene 19 98.94 2.6938 • 6179 
Complete finishing ration 
without polyethylene 13 0.07 .0583 .0162 
Cottonseed hulls and 
polyethylene 11 100.15 ~4613 • 1391 
Complete finishing ration 
and polyethylene 34 99.56 1.9065 • .3270 
Feces and polyethylene 23 99.97 5.1200 1. 0676 
polyethylene by the analysis when no polyethylene was present, it was ap-
parent that this source of error was negligible. The quantities of na-
turally occurring feed constituents that remained after digestion and 
separation was 0.07 percent. 
It is of interest to note that when the three most widely divergent 
recoveries of polyethylene added to fecal material were discarded that 
the standard deviation dropped from 5.12 percent to 3.13 percent. In 
the case of samples of feces containing polyethylene, apparently the 
main factor likely to contribute to error in the analysis is the accuracy 
and comp.etence of the individual conducting the analysis. 
The results would indicate that the analytical procedure used is 
sufficiently accurate to permit the use of polyethylene as a reference 
material in digestion studies with cattle. This conclusion is based on 
both percentage polyethylene recovery values and standard errors observed. 
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Eicperiment II 
Procedure 
Phase 1 
The first phase of this experiment involved two trials designed 
to study' the diurnal variation in concentration of polyethylene in fe-
ces from steers fed a ration containing a lo'lown.percentage of the refer-
ence materi.al. 
Itl!! !• In the first trial five Hereford steers averaging a.pproxi~ 
mateJ.y: 4.58 kilograms were .used as experimental animals. This group of 
steers was given access to a selt-teeder which provided a complete 
finishing ration containing 1.3 percent polyethylene. The composition 
ot the ration used is shown in Tal:>le I~. At the conclusion ot a 132~ 
.day feeding period tecal grab samples were collected from each steer 
every :four hours starting at .3 a.m. tor portions of three days in October, 
1964. At the conclusion of the first 24-hour collection perioQ it was 
noted that the consistency of the feces was abnormal, thus further col ... 
lections were suspended for a period of 20 hours after which time col ... 
lections were resumed on schedule. 
Immediately after collection the samples were placed in labeled 
plastic bags, frozen and stored tor future analysis. 
Trial ,g,. A second trial was conducted in a similar manner in June, 
1965. This trial involved two groups ot Hereford steers.averaging ap-
proximately 458 kilograms which were ted rations 2 and 3, shown 
in Table II. Both groups of s~eers were self ... ted the assigned.rations 
~ontaining 1.3 percent polyethylene for 11.5 days. At the conclusion ot 
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TABLE II 
PERCENTAGE COMPOSITION OF RATIONS 
Ingredients Ration Number 1 2 3 
Ste~m rolled milo 69.17 75.64 70.16 
Cottonseed meal (41 % solvent) 4.35 2.61 3.48 
Alfalfa meal (19 % protein) 4.35 4.35 4.35 
Molasses 2.61 2.26 2.61 
Urea (262) 1.30 .70 .96 
Stabilized animal tallow 4.35 4.35 
Salt .44 .44 .44 
Calcium carbonate 
.35 .57 .57 
Vi t. A premix .03 .03 .03 
Trace mineral premix .02 .02 .02 
Polyethylene (alathon) 13.03 13.03 13.03 
23 
this feeding period fecal grab samples were collected at 6 a.m. and 4 
p.m. for two days from each of five steers receiving ration 2 and from 
each of six steers receiving ration 3. 
Immediately after the fecal grab samples were collected they were 
placed in labeled plastic bags, frozen and stored for future analysis. 
Upon completion of the collection period the samples obtained in 
each trial were analyzed by the procedure outlined in Experiment I. 
Phase 2 
A second phase of this experiment involved a trial designed to 
study the concentration of polyethylene in various digestive tract 
compartments of steers fed ration 1. The composition of the ration is 
sho'Wl'.I. in Table II. Four Hereford steers averaging approximately 458 
kilograms were slaughtered at the Oklahoma State University Meat Labor-
atory in October 196~,. after 132 days on full-feed. Samples of ingesta 
from the rumen, abomasum, duodenum and large intestine were taken im~ 
mediately post=slaughter. These steers were selected from the same group 
of steers involved in the first trial of phase one of this experiment. 
The ingesta samples collected were placed in labeled plastic bags. 
frozen and stored for future analysis by the method outlined in Experi= 
ment I. 
Results and Discussion 
Phase 1 
Trial l• The mean percentage concentration of fecal polyethylene 
for each collection time during trial 1 of the fj_rst phase of this ex= 
periment is reported in Table III. These values are pooled for all 
TABLE III 
PERCENTAGE MEAN POLYETHYLENE CONCEN'IRATION OF FEx::AL S.AMPLF.S 
FROM STEERS FED RATION 1 , TRIAL 1 , EXPERlMENT II 
Steer 
Time 5 11 38 39 lfo 
Day 1 
3 a.m. 38.0 34.o 34.9 44.o 45.3 
7 a.m. 38.5 43.9 37.9 40.8 41.7 
11 .a.m. 35.6 39.9 38.3 39.5 40.1 
3 p.m. 32.2 48.o 33.0 36.4 36.2 
7 p.m. 43.3 48.3 39.3 32.8 41.7 
11 p.m. 40.2 19.9 40.1 45.5 38.3 
Day 2 
7 p.m. 38.2 39.9 40.6 33.5 47.1 
11 p.m. 47.1 46.5 44.1 27.7 · 49.3 
Day 3 
3 a.m. 37.9 43.8 43.6 40.0 48.5 
7 a.m. 39.9 .50.7 38.2 35.6 46.8 
11 a.m. 37.4 40.1 39.2 35.4 39.4 
3 p.m. 4101 49.4 40.8 42.1 35.6 
Mean 39.1 42.0 39.2 37.8 42.5 
Overall mean 
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Mean 
39.2 
40.6 
38.7 
37.2 
41.1 
36.8 
39.9 
42.9 
42.8 
42.2 
38.3 
41.8 
40.1 
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steers and plotted against time in Figure 1. The overall mean is super-
imposed on the graph to illustrate how the concentration at each collec-
tion time differed from the average for all times. 
The variance associated with duplicate determinations of polyethyl-
ene concentration on each sample and the variance assoicated with dif-
ferent samples was determined by analysis of variance for the steers 
fed ration 1, as shown in Appendix Table X. The average variance ob-
served between duplicate analyses of the same sample was 10.84. The 
standard deviation between these duplicate analyses was 3.29 percentage 
units. When the average variance observed between duplicate analyses 
of the same samples was expressed as a percentage of the total variance 
the portion attributable to differences between duplicate analyses was 
only 0.65 percent. This includes any error inherent in the procedure, 
subsampling error and error comitted by the person performing the pro-
cedure. That portion of the total variance due to differences between 
samples was 2.33 percent. 
Since these data were disproportionate in some cases, the method 
of unweighted means described by Snedecor (1956) was used to test for 
differences between times and between steers. This analysis of variance 
is reported in Appendix Table XI. A significant interaction (P<.01) 
was observed between steers and time, but neither the variance associated 
with steers nor time was found to be significant. 
Trial 2. The mean percentage concentration of fecal polyethylene 
for each steer fed rations 2 and 3 for each collection time during trial 
2 of the first phase of this experiment is presented in Table IV •. These 
values are pooled and the mean value for all steers on each ration is 
plotted against time in Figure 1. In both cases the overall mean for 
45= 
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Figure 1 .. Percentage Fecal Polyethylene Concentration Pl@tted Against 
Time for Steers Fed ~ations 1, 2 and 3 
TABLE IV 
PERCENTAGE MEAN POLYETHYLENE CONCENTRATION OF FECAL SAMPLES 
FROM STEERS FED RATIONS 2 AND 3, TRIAL 2, EXPERIMENT II 
Steer 
Time b 7 23 26 30 Mean 
Ration 2 
6 a.m. 44o7 41o2 38.1 49.0 40o2 42.6 
4 p.m. 44.8 40.9 40.8 42.4 48.2 43.4 
6 aom. 47.0 34.1 34.9 46.4 49.3 42.) 
4 p.m. 40.4 42.1 43.3 44.5 55.0 45.0 
Mean Lt-4.2 39.6 39.3 45.6· 48. i 
Overall mean 4.3~3 
Steer 
9 15 19 24 29 39 
Ration 3 
6 a.m~ 34$5 24.9 45.2 45., 1 32 • .5 32.8 
4 p.m .. 29.7 37.0 42.2 26.3 31.7 25.4 
6 a.m. 2.5.2 37.9 29.5 36.4 36. 1 29 • .5 
4 pomc 39.4 38.7 22.4 39°3 35.4 32.9 
Mean 32.2 34.6 34.8 36.8 33°9 30 .. 1 
Overall mean 
27 
Mean 
3.5.8 
32 .. 0 
32.4 
34.7 
33.7 
that ration is superimposed on each graph as an aid in depicting the 
deviation from the mean at any time. 
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The variance associated with duplicate determinations of polyethyl-
ene concentration on each sample and the variance associated with dif-
ferent samples was determined by analysis of variance, for the steers 
fed ration 2, as shown in Appendix Table XII. The average variance 
observed between duplicate analyses of the same sample was 2.90. The 
standard deviation between these duplicate analyses was 1.70 percentage 
units. When the average variance observed between duplicate analyses 
of the same samples was expressed as a percentage or the total variance 
the portion attributable to differences between duplicate analyses was 
only 0.15 percent while that amount of the total variance due to dif-
ferences between samples was 0.36 percent. 
Since these data were proportionate the analysis for subsampling 
was used to test for differences between times and between steers. 
This analysis of variance is reported in Appendix Table XIII. A sig-
nificant interaction (P <.01) was found between steers and time, in 
addition the variance due to differences between steers was found to be 
significant (P<.01). However, the variance due to differences between 
times was not significant. 
The variance associated with duplicate determinations of polyethyl-
ene concentration on each sample and the variance associated with dif-
ferent samples was determined by analysis or variance, for the steers 
fed ration 3, as shown in Appendix Table XIV. The average variance 
observed between duplicate analyses of the same sample was 41.11. The 
standard deviation between these duplicate analyses was 6.41 percentage 
units. When the average variance observed between duplicate analyses 
29 
of the same samples was expressed as a percentage of the total variance 
the portion attributable to differences between duplicate analyses was 
3.49 percent while that amount of the total variance due to differences 
between samples was 3.32 percent. 
Since these data were proportionate the analysis tor subsampling 
was used to test for differences between times and between steers. This 
analysis of variance is reported in Appendix Table Tv. A significant 
interaction (P<.01) was encountered between steers and time; however, 
neither the variance attributable to differences between steers nor 
times was significant. 
The results of the first phase of this experiment would indicate 
that there is no significant diurnal variation in percentage fecal 
polyethylene concentration among any of the times studied. There does 
appear to be a significant effect due to differences between steers 
but this could be expected in lieu of the great variability exhibited 
by biological materials. Ample numbers of experimental animals should 
be used to allow for this variability. It is thought that the inter-
action between steers and times was caused by the fact that exe.retion 
patterns between steers were different. 
Phase 2 
The mean percentage concentration of polyethylene in the four di-
gestive tract compartments studied is presented in Table V. Since these 
data were proportionate the analysis for subsa.mpling was use~ to test 
for differences between compartments and between steers. This analysis 
of variance is reported in Append.ix Table XVI. A significant interaction 
(P<.01) was found between steers and compartments. In addition the 
variance due to differences between compartments was found to be 
Compartment 
Abomasum. 
Rumen 
TABLE V 
PERCENTAGE MEAN POLYETHYLENE CONCENTRATION 
OF DIGESTIVE TRACT CONTENTS 
Steer 
21 27 43 
19.3 22.8 47.8 
54 .. 5 27.9 39.2 
Large intestine 43.8 32.4 43 .. 7 
Duodenum 8.9 12.8 11. 7 
Mean 31.6 24.0 35.6 
Overall mean 
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Zi'.6 Mean 
34.6 31.1 
42.2 41.0 
38.9 39.7 
3.5 9.2 
29.8 
30.3 
significant (P<.01); however, the variance attributable to differences 
between steers was not significant. The coefficients of variation, 
means and standard deviations for each compartment are given in Table 
VI. Based on these results it would appear that the duodenal ingesta 
was the most variable with respect to percentage polyethylene concentra-
tion, followed by ingesta taken from the abomasum, rumen and large in~ 
testine in decreasing order of variability. 
The results of the second phase of th.is experiment would.indicate 
that there was a significant variation in the concentration ot polyethyl-
ene in the various compartments of the digestive tracts of the catUe 
used in this trial. Due to the great ,,ariation in percentage coneen-
tration of polyethylene in the ingesta collected from different. compart-
ments of the tract, it would appear to raise some doubt as to the value 
of this technique for rate of disappearance studies. Since the numbers 
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TABLE VI 
CONCEN'.1.RATION OF POLYETHYLENE BY COMPAR1MENT 
Mean Standard Coefficient 
Compartment Percentage Devia tiori. . of Variation 
Duodenum 9.23 5.80 62~88. 
Abomasum 31.10 11.75 37.78, 
Rumen 40.95 9.95 24.29, 
Large Intestine 39.71 5.08 12. 79, 
involved in this study were small, additional studies would be desirable 
to more clearly evaluate concentration uniformity among the different 
digestive tract compartments. 
Experiment III 
Procedure 
This experiment was designed to study the length of preliminary 
feeding period required in a digestion study by determining the t:une 
required for a fecal polyethylene concentration curve to reach its peak. 
Following this preliminary period of study, a total fecal collection 
period was conducted to study the variability in polyethylene excretion 
patterns and to compare digestion coefficients obtained by the polyethyl-
ene technique with those obtained by the total collection method. 
Eight Hereford steers averaging 315 kilograms in weight were used 
as experimental animals. These steers had been used previously in a 
series of digestion trials by Brown (1966). Following a 14-day rest 
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period the animals were placed in metabolism stalls described by Nelson 
et&• (1954). 
The steers were fed seven kilograms of feed per day in two equal 
portions at 6:00 a.m. and 6:00 p.m. The composition of the ration is 
given in Table VII. Representative feed samples were taken and ground 
in a Wiley mill for proximate analysis by the method of A.O.A.C. (1960). 
The proximate composition of the feed is presented in Table VIII. Poly-
ethylene was added, as the reference material, at the rate of five per-
cent of the ration. 
Fecal grab samples were taken 24 hours after the initiation of 
polyethylene administration and every six hours thereafter £or the dura. 
tion of the trial. Immediately after collection, the samples were placed 
in labeled plastic bags, frozen and stored for future analysis. 
After eight and one-half days the preliminary period was ter.rrii.nated 
and total fecal collections were made for the subsequent seven days. 
At the conclusion of each 24-hour period during the total collection 
phase of this experiment the feces were mixed thoroughly with an elec-
tric mixer and a five percent aliquot was retained. The samples from 
each animal were then wet-bulked and dried in a forced air oven at 
70° C. At the conclusion of the trial each composite .fecal sample was 
ground in a Wiley mill and representative samples taken for proximate 
analysis by the method of A.O.A.C. (1960). 
At the conclusion of the trial the fecal grab samples and samples 
obtained from the composite sample were analyzed by the analytical pro-
cedure described in Experiment I. 
Ingredient 
Steam rolled milo 
Cottonseed hulls 
TABLE VII 
COMPOSITION OF RATION 4 
Cottonseed meal (41 % solvent) 
Dehydrated alfalfa meal (19 % protein) 
Molasses 
Urea (262) 
Salt 
Calcium carbonate 
Vit. A premix 
Trace mineral premix 
Added~ Kilogram 
Polyethylene fluff (alathon) 
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Percentage 
65.845 
20.000 
4.000 
5.000 
3.000 
1.000 
.500 
.600 
.030 
.025 
50 g. 
Dry Matter 
% 
TABLE VIII 
PROXIMATE ANALYSIS OF RATION 4 
Ash Crude Protein Fat Crude Fiber 
f, % fa % 
4.14 11.99 3.10 14.25 
Results and Discussion 
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N.F. E. 
fa 
58.08 
The length of time required for a fecal polyethylene concentration 
curve to peak was four days. This is illustrated in Figure 2. The 
length of time required for polyethylene concentration to peak was con-
siderably less than the seven day preliminary period requirement reported 
by Chandler~!!• (1966). 
Dry matter digestion coefficients obtained during the seven day 
collection period by the total collection technique and those obtained 
during this period by the polyethylene technique are shown in Table IX. 
Mean dry matter digestibility values determined by the two methods were 
68.62 percent and 68.95 percent, respectively, for the polyethylene and 
total collection techniques. Using the paired "t" test no significant 
difference was found between dry matter digestion coefficients obtained 
by the two. methods. The correlation coefficient between dry matter 
digestibility values determined by the two.methods was 0.92. The stand-
ard error of the digestion coefficients determined by polyethylene was 
1.28 percentage units while that of the digestion coefficients deter-
mined by total collection was 0.67. 
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TABLE IX 
DRY MATTER DIGESTION COEFFICIENTS CALCULATED 
FROM THE POLYETHYLENE TECHNIQUE AND FROM 
THE TOTAL COLLECTION METHOD 
Day Polyethylene Total Collection 
71 .21 69.46 
2 67.93 68.29 
3 70.18 68.75 
4 72.14 71.48 
5 72.63 71.87 
6 62.03 66.43 
7 65.66 67 • .51 
- 68.62 68.95 x 
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Due to an oversight records of fecal moisture content were not 
obtained. To compensate for this the moisture content of fecal samples 
obtained from similar steers receiving ration 4 minus polyethylene was 
employed. The average of the values obtained in this manner was then 
adjusted by the following method to include polyethylene: 
X - .1606x = dry weight 
.8394x = dry weight 
Dry weight 
.8J94 = adjusted dry weight 
[Adjusted dry weight - (adjusted dry weight+ water)] x 100 = 
percentage adjusted dry matter 
where: 
.1606 = mean percentage fecal polyethylene concentration 
X ,_ adjusted dry weight. 
A value of 66.65 percent moisture on a polyethylene adjusted basis 
was obtained when this procedure was utilized. It was felt that this 
method might have underestimated the true amount of moisture in the 
feces; however, all digestion coefficients reported for the total col-
lection technique were based on this value. Using the moisture content 
described above it was calculated that 96.63 percent of the polyethylene 
fed was recovered in the feces. 
The pooled mean percentage concentration of fecal polyethylene for 
all steers is shown plotted against time in Figure 3. The overall mean 
is superimposed on the graph to illustrate how the concentration at 
each collection time differed from the average for all times. 
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The mean fecal polyethylene concentration of all grab samples ob-
tained during the seven day collection period was 16.06 percent which 
is in extremely close agreement with the 15.96 percent mean of the com-
posite samples analyzed by the polyethylene technique. 
The variance associated with duplicate determinations of polyethyl-
ene concentration on each sample collected during the preliminary period 
and the variance associated with different samples collected during the 
collection period was determined by analysis of variance as shown in 
Appendix Table XVII. The average variance observed between duplicate 
analyses of the same sample was 1.19. The standard deviation between 
these duplicate analyses was 1.09 percentage units, When the average 
variance observed between duplicate analyses of the same samples was 
expressed as a percentage of the total variance the portion attributable 
to differences between duplicate analyses was only 0.55 percent while 
that amount of the total variance due to differences between samples 
was 13.65 percent. 
The variance associated with duplicate determinations of polyethyl-
ene concentration on each sample collected during the collection period 
and the variance associated with different samples collected during the 
collection period was determined by analysis of variance as shown in 
Appendix Table XVIII. The average variance observed between duplicate 
analyses of the same sample was 3.38. The standard deviation between 
these duplicate analyses was 1.84 percentage units. When the average 
variance observed between duplicate analyses of the same samples was 
expressed as a percent~ge of the total variance the portion attributable 
to differences between duplicate analyses was only 1.25 percent while 
that amount of the total variance due to differences between samples 
was 7.32 percent. 
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Since these data were disproportionate in some cases, the method 
of unweighted means described by Snedecor (1956) was used to test for 
differences between times and between steers. This analysis of variance 
is reported in Appendix Table XIX. A significant interaction (P< .01) 
was found between steers and time, in addition, the variance due to 
differences between steers was found to be significant (P< .01). How-
ever, the variance due to differences between times was not found to be 
significant. 
The results would indicate that the fecal excretion of polyethylene 
peaks at approxi:m.a.tely four days after initial administration in the 
type of ration used in this study. This may eliminate the need for 
lengthy preliminary feeding periods in digestion trials conducted by 
this method when the type of ration is similar to that used in this 
study. 
Since variation in polyethylene concentrations at the different 
collection times was not significant it would appear that there is no 
significant diurnal variation in polyethylene excretion by steers. 
Thus digestion coefficients calculated from fecal samples taken at any 
time could be considered as valid, especially since digestion coeffi-
cients calculated from the polyethylene technique were so highly cor-
related with those from the total collection method. All of these re-
sults would lead to the conclusion that polyethylene is a reliable index 
material for digestion studies with cattle. 
SUMMARY 
Alathon, a polyethylene material in fluff form, was evaluated as 
a reference material for digestion studies with cattle. In Experiment 
I the accuracy with which polyethylene could be quantitatively determined 
in feed or fecal samples by a gravimetric technique was evaluated. In 
Elcperiment II excretion patterns and the uniformity of concentration of 
polyethylene in digestive tract ingesta and fecal excreta were studied. 
In Experiment III the length of time necessary for a fecal polyethylene 
concentration curve to peak was plotted and coBfficients of digestibility 
determined by the polyethylene reference technique and by the total fe-
cal collection procedure were compared. 
The average percentage recovery of polyethylene from 68 samples 
containing known quantities of the material was 99.8~ percento When 
samples containing no polyethylene were analyzed by this technique the 
average quantity of naturally occurring feed constituents that were 
isolated after digestion and separation was 0.07 percent. 
No significant diurnal variation was found in the excretion rate 
of polyethylene but the concentration of polyethylene in fecal excreta 
tended to v-ary between animals. This was thought to be due to biologi-
cal variability among animals. A significant interaction was observed 
between steers and collection times which was possibly due to differen-
ces in the excretion patterns of the steers. The concentration of 
polyethylene in digestive tract ingesta was not found to be ur1iform 
in different compartments of the digestive tract. 
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A preliminary period of four days was found to be necessary for 
a fecal polyethylene concentration curve to peak. A correlation of 
0.92 was found between dry matter digestibility coefficients determined 
by the polyethyle~e reference technique and by the total fecal collec-
tion procedure. Mean dry matter digestibility values for a typical 
finishing ration as determined by the polyethylene technique and the 
total collection method were 68.62 percent and 68.9.5 percent, respec-
tively. 
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TABLE X 
ANALYSIS OF VARIANCE FOR VARIANCE DUE TO 
DETERMINATION FOR STEERS FED RATION 1 
Source 
Total 
Between samples 
Within samples (error) 
TABLE XI 
df 
97 
48 
49 
Mean Square 
39.077 
10.840 
ANALYSIS OF VARIANCE FOR UNWEIGHTED MEANS 
FOR STEERS FED RATION 1 
Source df Mean Square 
Total 108 
Steers 4 50.220 
Time 11 22.439 
Interaction 44 52.010** 
Determinations 49 10.840 
**P<.01. 
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TABLE XII 
ANALYSIS OF VARIANCE.FOR VARIANCE DUE TO 
DETERMINATION FOR STEERS FED RATION 2 
Source elf Mean Square 
Total 39 
Between samples 14 
Within samples (error) 1.5 
TABLE XIII 
ANALYSIS OF VARIANCE FOR SUBSAMPLING FOR 
STEERS FED RATION 2 
Source elf Mean Square 
Total 39 
Steers 4 119.173** 
Time 3 1.5.210 
Interaction 12 35.871** 
Error (within) 20 2.176 
**P < .01. 
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TABLE XIV 
ANALYSIS OF VARIANCE FOR VARIANCE DUE TO 
DETERMINATION FOR STEERS,FED RATION 3 
Source 
Total 
Between samples 
Within samples (error) 
TABLE XV 
df 
47 
23 
24 
Mean Square 
39.097 
41.106 
ANALYSIS OF VARIANCE FOR SUBSAMPLING FOR 
STEERS FED RATION 3 
Source df Mean Square 
Total 47 
Steers 5 42.258 
Time 3 39.177 
Interaction 1.5 101.361** 
Error (within) 24 1. 523 
**P <. 01. 
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TABLE XVI 
ANALYSIS OF VARIANCE FOR SUBSAMPLING 
FOR DIGESTIVE TRACT INGESTA 
Source df Mean Square 
Total 47 
Steer 3 275.007 
Compartment 3 2586.893** 
Interaction 9 2J8. 046** 
Error (within) 32 9.167 
**P <. 01. 
TABLE XVII 
ANALYSIS OF VARIANCE FOR VARIANCE DUE TO DETERMINATION 
DURING THE PRELIMINARY PERIOD FOR 
STEERS FED RATION 4 
Source df 
Total 
Between samples 
Within s~ples (error) 
lw? 
223 
224 
Mean Square 
28. 6609 
1.1856 
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TABLE XVIII 
ANALYSIS OF VARIANCE FOR VARIANCE DUE TO DETERMINATION 
DURING COLLEX::TION PERIOD FOR 
STEERS FED RATION 4 
Source df 
Total 
Between samples 
Within samples (error) 
415 
207 
208 
TABLE XIX 
Mean Square 
19.7.595 
.3 • .3802 
ANALYSIS OF VARIANCE FOR UNWEIGHTED MEANS 
FOR, STEERS FED RATION 4 
Source df Mean Square 
Total 42.3 
Steers 7 85. 7.36 
Time 26 15.164 
Interaction 182 11 • .343** 
Determinations 208 .3 • .380 
**P< .01. 
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